Computer modeling shows electrical impedance myography (EIM) values reflect changes in intrinsic muscle electrical properties. Tongue thickness, unrelated to tongue health, has limited impact on the EIM data. Given these findings, EIM of the tongue appears to hold potential to serve as a useful biomarker of disease progression in ALS clinical trials.
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a b s t r a c t
Objective: Electrical impedance myography (EIM) of the tongue has demonstrated alterations in patients with amyotrophic lateral sclerosis (ALS) compared to normal subjects. Whether these differences are due to reduced tongue size or diseased-associated alterations in the electrical characteristics of intrinsic tongue muscles is uncertain. Methods: We employed computer simulations using the finite element method, inputting data from healthy and ALS mouse muscle, to help answer that question, comparing our modeled results to human data. Results: The models revealed that much of the electrical current flows superficially in the tongue and that tongue thickness only begins to have a major impact on the measured impedance when substantial atrophy is present. Modeled values paralleled the human tongue data. Conclusions: These findings suggest that the observed changes in tongue impedance in ALS are mainly due to alterations in the electrical properties of the tongue and are not a mere consequence of tongue volume loss. Significance: Further development of EIM for evaluation of bulbar dysfunction in ALS may provide useful information on drug efficacy and could serve as a biomarker in future clinical trials. Ó 2015 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The development of quantifiable indices of bulbar muscle deterioration due to amyotrophic lateral sclerosis (ALS) and other neuromuscular disorders remains a major research challenge. Because approximately 20-25% of ALS patients initially present with bulbar dysfunction (Gubbay et al., 1985; Caroscio et al., 1987) , including dysarthria and dysphagia, diagnostic tools are needed as biomarkers for objectively detecting early tongue involvement and for documenting its progression over time. Needle electromyography of tongue remains one of the most frequently used approaches to help establish a diagnosis of bulbar involvement due to ALS (Jenkins et al., 2013; Tankisi et al., 2013) . This approach, however, has significant limitations including that it is not easily quantifiable and that it requires full relaxation of the tongue. Motor unit number estimation, while potentially valuable in quantifying progression in appendicular muscles (Shefner et al., 2011) , cannot be readily applied to the tongue given challenges in stimulating the 
